Abstract This paper explores the potential of using taphonomic analysis to reconstruct broad-scale variation in patterns of consumption and deposition at six later prehistoric midden sites in the UK. These sites comprise large accumulations of material culture, dominated by faunal and ceramic fragments, presumed to result from feasting events during the Bronze Age-Iron Age transition. New artefact and landscape studies have refined the characterisation of these sites (Tubb 2011a, b; Waddington 2009), but little research has focussed on accumulation history. This research uses simple statistical analyses on a large dataset (NISP >20,000) to compare the prevalence of bone modifications between midden sites. Crucially, significant differences in modification are not interpreted directly. Additional tests are undertaken to assess whether variation in assemblage composition could account for differences in modification. Previous research has demonstrated that certain elements and the remains of certain taxa are more likely to exhibit modification, and consequently, a prevalence of these specimens could account for differences, rather than their resulting from varied depositional treatment (Madgwick and Mulville 2012). Therefore, patterns of modification are only interpreted once compositional differences can be discounted from responsibility. The study is intentionally broad in its focus and assesses whether large-scale inter-site differences in depositional practice can be reconstructed. Clear patterns are observed with some middens accumulating predominantly through rapid, large-scale deposits and others building up through smaller, more gradual deposits and being subject to greater disturbance and bone movement. These findings have implications for our understanding of ritualised consumption and deposition at the Bronze Age-Iron Age transition in Britain.
Introduction
This paper builds on recent developments in taphonomic data analysis to assess how broad differences in depositional practice and the movement of faunal remains can be reconstructed using simple statistical analyses of taphonomic variables. Analysis focuses on six middens from southern Britain dating to the Bronze Age-Iron Age transition (ca. 1000-700 BC). This phase was a period of dramatic social and economic change in southern Britain, with evidence suggesting that political power was no longer dependent on access to bronze, but more on the control and conspicuous consumption of agricultural produce (see Needham 2007) . This can be traced archaeologically through the feasting middens that typify this phase. These sites are vast accumulations of cultural debris, dominated by fragmentary faunal and ceramic material. The magnitude of these mounds of material, some covering 3.5 ha and comprising tens of millions of artefacts, signals connectivity, social mobilisation and conspicuous consumption on a scale unprecedented in British prehistory (perhaps excepting the Stonehenge environs). Even small excavations at these sites have produced vast material assemblages due to the artefact richness of deposits. Consequently, they represent an Electronic supplementary material The online version of this article (doi:10.1007/s12520-015-0271-2) contains supplementary material, which is available to authorized users. invaluable resource for understanding social and economic change at the Bronze Age-Iron Age transition. In this new era, identity and social relations are expressed and developed through agricultural intensification and feasting. Therefore, there is great potential in focusing new analyses on bioarchaeological remains. Dating of the middens remains problematic, due to limited 14 C samples and the calibration curve plateau that encompasses this period. However, although deposition may have commenced earlier at some sites (see Waddington and Sharples 2011: 62) and continued for longer at others (see Gwilt et al. 2006) , the peak period of accumulation across middens is likely to have centred on the eighth and seventh centuries BC.
Bioarchaeological analysis on midden material has generally focused on single sites (e.g. Serjeantson 2007 ). More holistic research has frequently focused on metalwork, landscapes and ceramics (e.g. Tubb 2011a, b; Tullett 2008; Waddington 2010 Waddington , 2012 . New studies on faunal remains have shown the potential of bioarchaeological analysis, having reconstructed regional approaches to raising larger herds for the feasts (Madgwick et al. 2012a ) and identified wide catchments for animals and by inference people (Madgwick et al. 2012b) . A major challenge in midden research is understanding the nature of site formation. This is particularly problematic due to the homogenous dark earth matrix which dominates most midden sites. Combined with artefact richness, this acts to obscure stratigraphy, making patterns of deposition and accumulation very difficult to establish. An experimental study has shown that statistical analysis of bone taphonomic data is useful for differentiating phases of accumulation and reconstructing their aetiology (Madgwick and Mulville 2015a) . The study presented here employs an approach with a broader focus, centering on wider patterns of site formation and the pre-and post-depositional movement of faunal remains at six midden sites. This explores the degree to which practices varied between middens and whether prescribed modes of deposition were adhered to.
Materials and methods

The sites
Faunal remains were analysed from six midden sites from southern Britain (Fig. 1) . When feasible, all bones from each midden were analysed. The number of identified specimens (NISP) and figures for the percentage of specimens that were identifiable are presented in Table 1 . The vast majority of specimens derive from midden deposits, but in some instances, material from associated, contemporaneous features has also been included when evidence suggests that it represents comparable feasting debris. The local geological background, hydrological conditions and soil matrix at each site will have impacted on inter-site variation in bone preservation. This will largely relate to the degree of bone surface erosion, which may act to overprint some modifications, particularly trampling and thus could affect the validity of testing. Little marked inter-site variation in bone erosion was observed during analysis, with all sites exhibiting mixed patterns of preservation but generally good surface condition. The exception to this is Llanmaes, which had notably poorer surface preservation. However, the assemblage exhibited greater trampling evidence than expected given its composition, and therefore, it is unlikely to have radically affected the identification of modification. The degree of coarseness of the soil matrix may also have affected the incidence of trampling, although this is not considered likely to have impacted on testing (see BTrampling^section). The effects of inter-site variation in site sedimentology are reduced by the relatively similar character of some slurry and ash-rich midden matrices, as demonstrated by soil micromorphology (Lodwick and Gwilt 2004: 78; Macphail 2000 Macphail , 2010 .
East Chisenbury
The entire assemblage from East Chisenbury was recorded. This site is situated in the Vale of Pewsey, Wiltshire, an area with evidence for a wealth of Late Bronze Age and Early Iron Age activity (Tubb 2011a, b) . The site has only been subject to very limited excavations but is an artefact-rich feasting midden of monumental proportions, covering an area of approximately 2 ha, being up to 3 m in depth and estimated to comprise in excess of 40,000 m 3 of material (McOmish et al. 2010 ). The mound is so large that it blends into the landscape as a natural feature (see Fig. 2 ). The faunal assemblage is more caprine-dominated (56 % of NISP) than is common at middens, with cattle remains (28 %) also substantially more numerous than pigs (12 %).
Eldon's Seat
All later prehistoric material that could be located in the Eldon's Seat archive was recorded. The site comprised an artefact-rich midden associated with five roundhouses dating from the Late Bronze Age to the Middle Iron Age and is located in a shallow valley on the Isle of Purbeck, Dorset (Cunliffe and Phillipson 1968) . Reanalysis suggests recovery bias in excavation, as there is a notable dearth of small elements (e.g. phalanges) of medium-sized mammals. This brought about distinct patterns of composition at Eldon's Seat when compared to other middens, which subsequently complicated interpretation. The faunal assemblage was dominated by caprines (48 % of NISP, data from the author's own analysis rather than the published report) and cattle (43 %) but comprised an unusual paucity of pig bones (4 % of NISP).
Llanmaes
All material from the Llanmaes midden and contemporaneous features has been included in this study. Llanmaes is located ca. 2 km from the Bristol Channel in the Vale of Glamorgan. The midden covers just less than 0.5 ha, of which 525 m 2 have been excavated. Deposits are thinner than at most middens, attaining a maximum depth of only 30 cm. The faunal assemblage is particularly distinctive in that it is dominated by elements from pig right forequarters (Madgwick and Mulville 2015b) . Taxonomic representation shows an exceptional imbalance towards pigs (70 % of NISP), a species that is rarely favoured in later Prehistoric Britain, with caprine remains (15 %) slightly more common than those of cattle (12 %). Phasing remains provisional, but evidence suggests that the peak period of midden accumulation centres on the Earliest to Early Iron Age (eighth to fifth centuries BC), although deposition appears to continue throughout much of the Iron Age (Gwilt and Lodwick 2009 ).
Potterne
Only a sample of the assemblage was recorded from Potterne, as full reanalysis (>130,000 fragments) was beyond the scope of this project. The site is broadly comparable to East Chisenbury in that it represents deposition on a massive scale and is also situated in the Vale of Pewsey, Wiltshire. Auger and magnetic susceptibility surveys indicate that the midden covers in excess of 3.5 ha and has archaeological deposits of up to 2 m in depth (Lawson 2000) . Approximately 1 % of the site was excavated, producing vast material assemblages. A sample of the faunal remains that were analysed derived from a 16 m 2 area that was used to test new approaches to taphonomic data for the purposes of reconstructing phases of accumulation (Madgwick and Mulville 2015a) . In addition, a random sample was analysed to assess broader patterns of depositional practice. These samples are aggregated in analysis. The 16 m 2 study area, which comprises 43 % of Potterne specimens could bias signatures as a result of depositional practice in a certain zone. However, as with all sites, testing of excavated material cannot be considered representative of the middens in their entirety and therefore this selective sampling is considered acceptable. Caprine specimens (41 % of NISP) are most numerous in the faunal assemblage, but pigs ) but produced large quantities of fragmentary animal bone and pottery, as well as numerous in situ artefact clusters (Needham and Spence 1996) . Taxonomic representation in the faunal assemblage is similar to Potterne with caprines (40 % of NISP) being more frequent than pigs (29 %) and cattle (27 %). ) produced a rich assemblage of faunal and ceramic fragments and a range of objects including 40 tools and 34 decorative artefacts (Waddington and Sharples 2011) . As is common in later prehistoric Britain, caprine bones (49 %) are most common in the faunal assemblage, followed by cattle (24 %) and pigs (19 %).
Taphonomic analysis
A standard suite of zooarchaeological data was recorded during data collection (e.g. taxon, element, fusion) along with a range of taphonomic indices to provide evidence for variation in depositional practice and bone movement. Recording was undertaken under the light of a 60-W lamp using a×20 or×30 hand lens as required. Low magnification microscopy was also used for identifying ambiguous modifications. All analyses took place either at the Cardiff Osteoarchaeology Research Group Laboratory or at the museum at which the assemblage was stored.
Three taphonomic variables were recorded for all identifiable mammal bones (but not teeth)-weathering, gnawing and trampling. A fourth variable, fracture freshness was recorded for all identifiable long bones. These indices are of Fig. 2 View of the East Chisenbury mound. The wooden signs demarcate the edge of the midden, which the cows are standing on top of (photo: Kate Waddington) undoubted value for reconstructing depositional histories and provide a useful, but certainly imperfect, proxy for pre-and post-depositional bone movement. Weathering was recorded following Behrensmeyer's (1978) established scheme and provides an ordinal scale for the degree (though not necessarily the duration) of sub-aerial exposure. Gnawing was recorded as present, when pits, punctures or ragged edges were identified following published criteria (Fisher 1995: 36; Haynes 1980 Haynes , 1983 . Trampling was recorded as present when multiple sub-parallel striations were observed (following Andrews and Cook 1985) . Recent analysis demonstrated that abrasion, characterised by smoothness, sometimes progressing to a glossy polish on fragments correlates closely with trampling, particularly at midden sites (Madgwick 2014) , and therefore, this was not included in analysis. Gnawing and trampling are indicative of disturbance and provide evidence for bone movement, though reconstructing the scale of movement is beyond the scope of the data. The character of fractures was recorded for mammalian long bones using the Fracture Freshness Index (FFI, Outram 2001 ). This seven-stage scale (scores 0-6) provides an index of how dry a bone was when a fracture occurred. This is a complex source of information for assessing depositional practice and bone movement. The aetiology of fresh and dry fractures is greatly varied. Fresh fractures can often indicate intentional fragmentation for marrow extraction, but could also result from trampling after meat removal. Similarly, dry fractures can occur after a relatively short period of sub-aerial exposure or through disturbance long (centuries or more) after initial deposition. Therefore, these data must be interpreted with caution and used in conjunction with other taphonomic indices.
The severity of gnawing and trampling was not recorded, as this provides a complex source of information that is difficult to interpret. Modification severity does not provide a reliable index for exposure duration or physical movement and therefore presence/absence provides a more suitable recording strategy. Weathering provides direct evidence of sub-aerial exposure. It is suggestive of movement and the longer bones are exposed, the more likely they are to be disturbed, particularly on settlement sites. In a temperate northern European environment, weathering provides evidence for at least medium term exposure (months), whereas gnawing and trampling can affect bones instantly once exposed.
Statistical analysis
Statistical testing was employed to identify significant differences in taphonomic signatures between the sites. Multiple pair-wise tests of difference were carried out for each modification category to compare patterns between all sites. Mann-Whitney tests were employed for ordinal data categories (weathering, FFI) and chi-squared for nominal data categories (gnawing, trampling). However, significant differences cannot be interpreted at face value. Previous research on a large taphonomic dataset comprising a broad range of midden and non-midden sites from prehistoric Britain has demonstrated that certain classes of remains (elements and taxa) are inherently more likely to exhibit specific modifications (Madgwick 2011; Madgwick and Mulville 2012;  Table 2 ). Therefore, composition of an assemblage must be taken account of in interpretation. For example, testing may indicate that one assemblage is significantly more weathered than another. Further testing might show that the more weathered assemblage comprises significantly more specimens of taxa and elements that are inherently more likely to be affected by modification. In this instance, significantly more modification cannot be confidently interpreted as indicating varied taphonomic histories, as the difference may result from compositional bias, making that assemblage inherently more likely to exhibit modification. If tests comparing the composition of the assemblages reveal no significant difference, then taphonomic signatures can be interpreted as genuine variation in depositional histories. Therefore, all multiple pair-wise tests comparing taphonomic modifications are coupled with pair-wise chi-squared tests assessing variation in the composition of assemblages (in terms of classes of remains more likely to be affected by modification). In this paper, bias in the composition of a sample linked to increased modification is termed 'compositional susceptibility' for ease of phrasing. However, this oversimplifies the meaning of results, as it is not strictly which bones are most susceptible to modification, but rather which are inherently most likely to exhibit modification. This is mediated by survival biases and the taphonomic paradox (see Madgwick and Mulville 2012) , whereby it is classes of remains that are most resistant to destruction that survive degrading processes and exhibit the greatest evidence of modification.
Nine series of pair-wise tests were produced (four for taphonomic indices, five for taxon/element composition). In total, this comprised 135 individual tests of difference. Whilst this approach is relatively thorough, employing this number of tests brings its own statistical problems. Retesting the same dataset using multiple pair-wise tests increases the chance of type I error, the erroneous rejection of the null hypothesis, due to the non-independence of tests. Therefore, to ensure that results are valid, a stricter P value than the standard 0.05 is enforced. The Bonferroni correction is commonly used to address this (Rice 1989) . This dictates that the P value is divided by the number of tests on the same dataset. In this instance, each series comprises 15 tests and therefore the corrected P value is 0.003°. Bonferroni corrections have been criticised as overconservative (Bland and Altman 2005; Simes 1986; Moran 2003) and when employed on a large series of pairwise categories, P values become very difficult to attain. Therefore, it is prudent to take some, albeit limited, account of results which achieve less stringent confidence levels (see Madgwick and Mulville 2015a) . For the purposes of this research, interpretation is based on significant results which attain Bonferroni-corrected P values. However, in the results tables in the supplementary data section results which are significant at <0.05 are highlighted in grey, as an indicator of patterns that were observable, but not strong enough to attain corrected significance. Results which achieve Bonferroni-corrected confidence levels are highlighted in yellow.
Results
Results from all tests of difference are presented in the supplementary data section of the paper (tables S.1-S.10). Pair-wise results are summarised in Table 3 . This simplified table presents the number of positive and negative significant results for each taphonomic and compositional index for all sites and indicates whether susceptibility and modification patterns are in broad accordance. A clear and fairly consistent pattern throughout testing was the impact of assemblage composition in mediating modification. Significant differences in modification were frequently paired with significant differences in compositional susceptibility. This reaffirms the importance of taking account of sample composition when interpreting taphonomic signatures. Interpretation relies on significant differences in modification that cannot be explained by patterns of composition. It is these results that have the greatest interpretative potential for establishing inter-site variation in the taphonomic pathways of midden accumulation. It must be borne in mind that these comparisons show differences between middens and low levels of modification in this context do not indicate low levels in absolute terms. Surface accumulations such as these are subject to at least some sub-aerial exposure and tend to produce highly modified assemblages. 
The number of positive (i.e. more modification or greater susceptibility) and negative (i.e. less modification or lower susceptibility) results are noted in brackets. Pair-wise test results are graded according to the net number of significant results
Weathering (tables S.2-S.4)
Weathering proved a useful variable for assessing variation in taphonomic pathways. Two assemblages stand out as having the greatest weathering evidence. Whitchurch exhibited significantly higher levels of weathering than all sites, whilst showing only moderate susceptibility (greater than two sites, less than one). Analysis of Llanmaes material also indicated extensive sub-aerial exposure. It exhibited significantly more weathering than three sites and less than two, but had significantly lower compositional susceptibility than all assemblages and therefore if depositional histories were identical across sites, it would be expected to show the least weathering. Pair-wise differences between Eldon's Seat, Potterne and Runnymede could all be explained by composition, and therefore, in real terms, they all exhibit similarly moderate levels of weathering when compared across middens. East Chisenbury exhibited the lowest levels of weathering in both absolute terms (significantly less than four sites) and when taking account of composition.
Gnawing (tables S.5-S.7)
Pair-wise testing of gnawing produced fewer results of interpretative value and patterns of modification and composition adhered closely. Two sites show weak evidence of greater gnawing than would be expected given their composition. East Chisenbury comprised significantly more gnawing than three sites but only two could be explained by composition.
Compositional testing of the Whitchurch assemblage indicated that it would have significantly less gnawing than three sites if depositional histories were identical, but modification tests showed that it exhibited less than only one. Llanmaes and Runnymede exhibited very low levels of gnawing but in both instances all significant differences could be explained by composition. Similarly, Eldon's Seat exhibited the most gnawing evidence, but all significant results were paired with differences in composition. Therefore, there is no reason to assume that these assemblages were exposed to gnawing agents to a significantly different degree. Potterne shows weak evidence for lower levels of gnawing, as it has less modification than East Chisenbury (not explained by composition) and would be expected to have more than Whitchurch based on composition, but no difference in modification was observed.
Trampling (tables S.7-S.8)
Trampling potentially provides a more problematic source of data, as its incidence may be affected by the sedimentology of the surrounding substrate (Blasco et al. 2008; Domínguez-Rodrigo et al. 2009 ). Research on the impact of different matrices is not in complete agreement and therefore taking account of this variable is difficult (see Madgwick 2014) but the problem is reduced to some degree by the slurry and ash-rich dark earth matrix which dominates most middens. Runnymede exhibited significantly less trampling evidence than all other sites, but three of these results could not be explained by composition. Therefore, in both absolute terms and when taking account of composition, trampling evidence at Runnymede is very sparse. The gravel-rich sedimentology would be considered more conducive to trampling evidence ( Domínguez-Rodrigo et al. 2009 ) and therefore cannot explain the low levels of modification. By contrast, Llanmaes had significantly lower susceptibility to trampling than all sites, but had significantly more modification than Runnymede and showed no difference when compared with East Chisenbury. When taking account of composition, Llanmaes is considered to show the greatest evidence of trampling, particularly as it also exhibits extensive weathering evidence, which may have overprinted the more subtle modification of trampling in some instances (see Shipman 1989 ). In addition, it has a clay/loam substrate that is not conducive to trampling evidence.
Eldon's Seat comprised significantly more trampled fragments than all other assemblages, but all differences could be explained by composition. Patterns of modification also adhered closely to composition for East Chisenbury. Results pertaining to Potterne were also in close accordance, with only one difference (more modification than Whitchurch) not explained by composition. Results are similar for Whitchurch with only the aforementioned test and the significantly greater trampling than Runnymede not explained by composition.
Fracture freshness (tables S.9-S.10)
The fracture freshness index demonstrated the greatest degree of inter-site variation that could not be explained by differences in composition. However, it provides a complex source of taphonomic information, as results relate to both processing and depositional histories. In addition, compositional susceptibility testing may not relate to inherent properties of different classes of remains, but rather to human decision-making. Baseline testing revealed that femora and humeri were significantly more likely to exhibit fresh fracturing (Madgwick 2011) . The causality of this pattern is unclear. It could relate to the structural properties of these bones meaning that they are more likely to exhibit fresh fracture patterns, or alternatively it could result from the preferential selection of these elements for fresh fracturing, as they are the largest long bones and yield substantial quantities of marrow.
East Chisenbury exhibits the most fresh fracturing and significantly more than all sites except for Potterne, in spite of having only moderate compositional susceptibility. Potterne and Whitchurch also exhibit widespread fresh fracturing (significantly more than three sites) but have compositions more susceptible to dry fracturing. This indicates that the East Chisenbury, Potterne and Whitchurch assemblages are unlikely to have been subject to long-term exposure, as this would facilitate dry fracturing, as long as agents of trampling were present on site. In addition, results suggest that marrow, which can only be extracted through fracturing relatively fresh bones, may have been a frequently exploited resource at these sites.
Relatively clear patterns are also observable at Llanmaes and Runnymede. High compositional susceptibility at both sites is not paired with high levels of fresh fracturing. Llanmaes comprises significantly more dry fracturing than three sites and Runnymede has significantly more than two. Therefore, when taking account of composition, these sites show substantial evidence for dry fracturing, suggesting prolonged exposure coupled with disturbance. These findings are supported by weathering and trampling results for Llanmaes, but not for Runnymede. This does not necessarily indicate that marrow was not exploited, but rather that dry fractures dominate and pre-existing fresh fractures may have been overprinted by later disturbance. Patterns are more ambiguous for Eldon's Seat, with results indicating moderate levels of fresh fracturing.
Discussion
Numerous pair-wise modification tests that were not in accordance with patterns of composition provide interpretable intersite differences in taphonomic signatures. The results described separately for each modification above are integrated here to provide a discussion of taphonomic pathways of accumulation and pre-and post-depositional movement for each site. Treating midden assemblages as homogenous entities is obviously problematic, as it inevitably masks the subtleties of individual depositional events, but broad trends representing real differences can nonetheless be identified. It must be borne in mind that these patterns of variation refer to the excavated areas and cannot necessarily be considered representative of the site as a whole.
East Chisenbury
Results pertaining to the East Chisenbury assemblage provide a fairly consistent pattern. The low levels of weathering and lack of dry fracturing strongly indicate that midden material accumulated rapidly and was rarely subject to prolonged subaerial exposure or post-depositional disturbance. Weak evidence for increased gnawing is perhaps unsurprising, as the very high density of bones at East Chisenbury (Serjeantson et al. 2010) would have made the mound very attractive to scavengers. The high level of fresh fracturing suggests that bones were smashed for marrow, a practice that might not be expected at feasting events where meat was clearly plentiful.
However, this result relates as much to the comparative scarcity of dry fracturing than a prevalence of fresh fracturing, as only 36 % of long bones had FFI scores commensurate with marrow extraction (FFI 0-3) .
The evidence for a lack of sub-aerial exposure is supported by soil micromorphology, which indicated that midden material was exceptionally well-preserved and trampling was only evidenced in basal deposits (Macphail 2010) . McOmish et al. (2010: 87) interpret this as evidence that the remains were not deposited in situ, but were rather moved to the midden from a sheltered place of primary deposition. However, the process of movement would in itself be likely to cause substantial modification and the presence of articulating remains (Serjeantson et al. 2010 ) makes this explanation questionable. It is considered more likely that the midden may have accumulated so rapidly that remains were swiftly protected from weathering by subsequent deposits from the vast feasting events that took place. The slurry and artefact-rich accumulation would not have encouraged livestock trampling, further preserving deposits. There must have been hiatuses between these events during which the uppermost layers of the midden were subject to modification, but if these layers covered a much larger mass of material, the assemblage would still exhibit low levels of weathering overall. In addition archaeobotanical evidence demonstrates the presence of nettles (Carruthers 2010) , which would have flourished in the nutrient-rich soils and would have sheltered exposed bones from weathering. These plants may have acted to reduce overall modification levels, meaning the rapidity of accumulation may not have been as fast, but the density of deposits and the stark lack of modification makes rapid accumulation likely. Therefore, the broad taphonomic signature indicates the rapid accumulation of thick deposits of material, likely resulting from large-scale feasting events. After deposition there is little evidence for disturbance or reworking.
Eldon's Seat
Interpretation of results from Eldon's Seat was problematic due to the assemblage's unusual composition. Eldon's Seat showed the highest degree of modification for weathering, gnawing and trampling and along with Llanmaes exhibited the greatest evidence for dry fracturing. However, all significant results pertaining to modifications and all but one for fracture freshness were matched by patterns of compositional susceptibility. Taking account of sample composition is vital, but this highlights one of the interpretative problems in employing this approach. If testing demonstrates that a sample's composition makes it inherently more likely to exhibit modification, it is difficult to interpret significant results as indicating extensive sub-aerial exposure. The strong patterns of composition mean that it is not possible to determine whether the Eldon's Seat assemblage was significantly more exposed or disturbed than other middens using this approach. Results demonstrate a prolonged taphonomic history involving sub-aerial exposure, scavenger damage and disturbance, but the character of accumulation history cannot easily be reconstructed in the context of other middens. However, site formation at Eldon's Seat has received very little attention previously and consequently this at least provides some, albeit vague, indication of depositional history.
Llanmaes
The Llanmaes assemblage also had an unusual composition meaning that it was inherently less likely to be affected by weathering, gnawing and trampling than all other sites. However, unlike Eldon's Seat, patterns of modification and composition were often not in accordance. Analysis of weathering demonstrates that the Llanmaes assemblage was subject to more extensive and prolonged sub-aerial exposure compared to all other middens except for Whitchurch. Evidence indicates that material was less likely to become rapidly protected by subsequent deposits, or if it was, it would become reexposed and modified later in its taphonomic history.
Fracture freshness and trampling tests show that the midden underwent substantial post-depositional disturbance, but it is beyond the scope of the data to establish whether this disturbance occurred in the immediate years after deposition or far later. Deposits are very thin (<35 cm, Gwilt and Lodwick 2009 ) at Llanmaes, and therefore, fewer remains would have been protected from subsequent deposits. Phasing at Llanmaes remains provisional, but evidence suggests that the site could have been revisited throughout much of the Iron Age for ritualised pig feasting, focussing on the right forequarter of the animal (Gwilt et al. 2006) . For an extended discussion of these practices see Madgwick and Mulville (2015b) . The scale of the feasts is difficult to ascertain, but it is clear that remains were disturbed and exposed over long periods. Perhaps this re-elaboration was part of the socially circumscribed practices that took place at the site. The midden may not represent just convenient disposal of feasting waste, but rather a tangible expression of surplus and wealth, in which material should be deposited and disturbed in order to cover a wide area and remain visible, rather than become obscured by sediment or plant growth. This is extending interpretation well beyond the scope of the data, but patterns clearly indicate extensive exposure and disturbance. Soil micromorphology demonstrated extensive disturbance, animal trampling and plough damage (Lodwick and Gwilt 2004: 78) , all of which are consistent with the high levels of modification and dry fracturing and suggests active land use (at least at times) outside of periods of feasting, in contrast to patterns at East Chisenbury.
Potterne
Patterns of modification were not as strong at Potterne. Few differences could not be explained by composition and modification levels were generally moderate when compared across middens. There are slight indications of relatively high levels of trampling and low levels of gnawing but patterns are too weak to place emphasis on.
Far clearer patterns of fragmentation are in evidence, with dry fracturing being comparatively scarce. Fresh fracturing is more common than at all other middens except for East Chisenbury, in spite of marrow-rich femora and humeri being relatively scarce. As at East Chisenbury, this indicates that remains were rarely subject to long-term exposure and disturbance which would cause dry fracturing, an interpretation supported by other taphonomic indices. Similarly, the exploitation of marrow is certain to have occurred, but may not have been an important part of dietary practice, as 28 % of long bones produced evidence for fresh fracturing. Data suggest that the pattern relates more to a lack of dry fracturing, as Potterne comprises the lowest percentage (13 %) of bones scoring 6. Elements with an FFI score of 6 are certain to have been disturbed and fragmented long after deposition. Therefore, results are best interpreted as bones being rapidly protected from disturbance by subsequent deposits, meaning fresh fractures are rarely overprinted by dry fractures. This is perhaps unsurprising given the thick deposits (>1 m) at Potterne. Recent analysis of taphonomic data (though not fracture freshness) on a 16 m 2 sample area at Potterne demonstrated that hiatuses in deposition occurred (Madgwick and Mulville 2015a) . However, disturbance was not substantial enough to cause widespread dry fracturing in the thick deposits.
These findings are in broad accordance with other sources of archaeological evidence, particularly soil micromorphology. Coprolitic residues (human, dog and herbivore) were rife at Potterne and cattle trampling evidence was more common at Potterne than at East Chisenbury (Macphail 2010: 56-57) , with stocking, stabling and scavenging all having taken place on the midden (Macphail 2000: 70) . These processes, along with human reworking are not interpreted as having obliterated the integrity of the deposit and it is suggested that layers rapidly became protected by subsequent deposits . These interpretations are supported by this study. Ceramic analysis contrasted with Runnymede in revealing a lack of refits, indicating secondary movement of deposits (Morris 2000) . This is also consistent with bone taphonomic signals from the two sites. In contrast to the findings of Reilly et al. (1988) , both soil micromorphology (Macphail 2000) and bone taphonomy (Madgwick and Mulville 2015a) indicate that the midden accumulated at different rates and was subject to different processes through its depositional history. This broad-scale approach cannot reveal such differences and assessing taphonomic signatures in this way is particularly problematic for monumental middens such as East Chisenbury and Potterne.
Overall, evidence indicates that much of the Potterne assemblage was not subject to prolonged exposure and disturbance, with thick deposits accumulating rapidly at times of feasting. The moderate weathering, gnawing and trampling is likely to principally occur on exposed layers during hiatuses in deposition.
Runnymede
The Runnymede assemblage generally exhibits relatively low levels of modification. Weathering and gnawing evidence was low to moderate and less trampling was observed than at all other middens. As weathering evidence was very scarce in absolute terms, trampling would rarely have been overprinted, suggesting a genuine paucity of modification. However, the overprinting impact of weathering on trampling may have been overstated, as the modifications have been shown to positively correlate (Madgwick 2014) .
The low to moderate levels of modification might be expected to be paired with low FFI scores. However, this is not the case and the assemblage exhibits a prevalence of dry fracturing. This would generally be interpreted as evidence for post-depositional disturbance, but this is unlikely given the low levels of modification, particularly trampling, the process most likely to cause bone fragmentation. Therefore, the pattern is more likely to result from marrow extraction being very rarely carried out at Runnymede, in spite of marrow-rich long bones being abundant. As surface accumulations, midden deposits are vulnerable to disturbance and some degree of turbation, causing dry fracturing, must be expected at all sites. This will overprint, or at least dilute, fresh fracture values at sites where fresh fracturing caused by marrow extraction is common. However, if marrow is very rarely extracted, dry fracture patterns are certain to dominate. Overall, analysis indicates that the Runnymede midden built up rapidly, probably through large deposits. The very sparse trampling evidence suggests that the midden (or at least the excavated area) may not have been accessible to livestock and was subject to relatively little post-depositional interference. Although fracture patterns do not support this interpretation, FFI results are likely to relate to processing rather than depositional practice.
The presence of ceramic vessel groups, refitting sherds and limited ceramic abrasion are interpreted as evidence for a rapidly accumulating midden which underwent little disturbance (Sørensen 1996) , therefore supporting evidence from bone taphonomy. Considerable variation is observed throughout the midden deposit and 'passive' and 'active' phases have been suggested based on ceramic variation (ibid: 73). However, broad-scale patterns in ceramic and bone t a p h o n o m y a r e i n a c c o r d a n c e . T h e o r i g i n a l zooarchaeological report is also in agreement, as Serjeantson (1996) states that much of the midden is very well preserved showing little evidence for exposure or reworking. However, preservation is mixed and the lower levels are in a worse condition. As at all middens, trampling and disturbance played some role in accumulation.
Whitchurch
The heavy weathering on the Whitchurch assemblage indicates substantial and prolonged sub-aerial exposure. Testing indicated that gnawing was slightly less abundant than would be expected and trampling evidence was moderate. Fresh fracturing was common when compared across middens, in spite of a relative paucity of the elements that are most likely to exhibit fresh fracture patterns. These findings represent the reverse of results for Runnymede, with evidence for extensive exposure coupled with fresh fracturing, rather than the dry fracturing that might be expected.
These signatures are best interpreted as indicating that the midden built up gradually through small-scale deposits, with most material subject to substantial sub-aerial exposure and rarely becoming rapidly protected by subsequent deposits. This fits with the morphology of the Whitchurch midden, as it covers a very large area (ca. 52,500 m 2 ) but has a lower density of finds (Waddington and Sharples 2011) . Prolonged exposure was not paired with extensive scavenging and disturbance. This might be explained by the disparate character of the midden, which is patchily spread over a very large area. This means that the mound would not be as attractive to scavengers as the very dense accumulations at, for example, Potterne and East Chisenbury. In addition, it is likely that only a small proportion of the diffuse material spreads are on thoroughfares or frequently accessed by agents of trampling, compared to more centralised dumps. Direct evidence of contemporaneous settlement is sparse (Waddington and Sharples 2011) and outside of periodic feasting events, livestock and dogs might have had limited access to the midden. Whilst this is true for most middens, the vast area of Whitchurch would likely mean more limited access even during feasting events, thus inhibiting modification and disturbance. Consequently, fresh fracture patterns would not be overprinted but the thin deposits would be susceptible to heavy weathering. This extends interpretation beyond that which results can reasonably sustain, but it provides a plausible taphonomic pathway based on the signatures.
Summary
Clear differences in the taphonomic pathways of midden accumulation were identified. Results indicate that the Llanmaes assemblage had the most complex depositional history. The scale of deposition is difficult to determine but the midden probably accumulated through a combination of large and small deposits, but taphonomic evidence suggests that its build up was gradual, punctuated and suffered a considerable degree of disturbance and turbation. The Whitchurch midden also accumulated gradually, but appears to have undergone far less disturbance, with agents of gnawing and trampling having a less severe effect on remains. Potterne shows less modification and built up more rapidly, probably through large deposits, punctuated by hiatuses between feasts. The taphonomic signatures at East Chisenbury and Runnymede indicate a very rapid accumulation, probably of large deposits, meaning that most remains swiftly became protected from agents of modification. Neither midden was subject to considerable disturbance but fracture patterns differed, suggesting that marrow was more frequently exploited at East Chisenbury. Remains at Eldon's Seat were heavily modified, but due to compositional anomalies patterns cannot easily be compared with other middens.
Comparing entire assemblages in this way provides only a coarse measure of accumulation history and inevitably fails to assess the complex and subtle variation that might be reconstructed by assessing individual depositional events. However, this was never the purpose of this research and it rather aims to assess the potential of reconstructing large-scale differences in taphonomic pathways. This broad-brush approach would certainly be ill-advised at many sites, as taphonomic trajectories would vary greatly between different features and contexts and amalgamating data would only blur differences. Whilst midden depositional pathways are also certain to differ at an intra-site level (see Locker 2000: 109; Needham and Spence 1996: 242-244; Sørensen 1996: 67; Waddington and Sharples 2011: 59) , these sites are arguably more suited to this approach. Middens are unusual, in most instances at least, in the apparent homogeneity of their matrices. Stratigraphy is frequently obscured or unobservable due to uniform dark earth dominating deposits and therefore excavation has often been undertaken using arbitrary spits and squares to provide spatial control. Consequently, establishing meaningful units to compare at an intra-site level, as one might compare the taphonomy of two pit assemblages, is difficult (see Madgwick and Mulville 2015a for an attempt to overcome this). Therefore, there is often little option but to assess broader trends. In addition, truncation, turbation and disturbance are common features of these sites, so some degree of spatial averaging will already have occurred due to postdepositional movement. However, the clear differences revealed in testing demonstrate that variation can be discerned and generalised depositional histories can be reconstructed, particularly when combined with other data sources.
This approach is nonetheless certainly problematic, not least due to the varied character of excavations. Making meaningful comparisons between entire midden assemblages is difficult, particularly when material can derive from different trenches over a wide area, as was the case at Whitchurch. The problem of combining different areas is less substantial at Runnymede and East Chisenbury due to only keyhole excavations having taken place (although in the case of the latter the two trenches were located approximately 25 m apart). Excavations at Llanmaes, Eldon's Seat and Potterne focused on large open areas rather than numerous small trenches, but could certainly comprise substantial variation across their area. In all instances, excavated areas represent a relatively small proportion of the entire midden (with the exception of Llanmaes, where ca. 50 % has been excavated) and therefore recovered material represents only a window into the practices responsible for accumulation. In addition, as with all intra-and inter-site comparisons, the impact of taphonomic filters such as preservation and recovery biases adds a further level of complexity. These problems cannot be overcome simply, and the limits to interpretative resolution must be acknowledged. However, systematic approaches such as this, although coarse, provide vital new information on taphonomic trajectories and broad inter-site differences.
Conclusion
Results reconfirm the substantial impact that the taxonomic and anatomical composition of a sample has on taphonomic modification. Even if statistical comparisons cannot be undertaken due to small sample sizes, variation in taphonomic signatures can only be validly interpreted if sample composition is considered. Results demonstrate clear differences in midden depositional histories in terms of the rapidity of accumulation, the scale of deposition and the degree of disturbance. Whilst results cannot be confidently considered representative of sites in their entirety, reconstructing site formation has long been a problematic issue for middens (Waddington 2008: 169) and findings represent progress in understanding variation in accumulation. This demonstrates the potential of assessing taphonomic variation at different scales.
Variation in accumulation is highly likely to principally result from differences in patterns of consumption and deposition across sites. The scale and regularity of feasting will have affected modification patterns and they may also relate to prescribed modes of practice surrounding deposition and the post-depositional treatment of middens. These vast mounds of material might be viewed as symbolically loaded structures and visible embodiments of a community's identity (Madgwick and Mulville 2015b) and rules concerning their accumulation and curation may have existed. The nature of occupation at sites outwith times of feasting and after deposition ceased will also have impacted on signatures and may well explain some differences.
Variation in accumulation history can be established with confidence, but reconstructing the precise aetiology of these differences is generally beyond the scope of the data when used in isolation. Equifinality invariably hinders the interpretative resolution of modification patterns, as multiple pathways can lead to similar taphonomic signatures. Therefore bone modification results have been integrated with other forms of archaeological data to determine the most likely patterns of accumulation, though this should be undertaken more systematically in the future along with more fine-grained spatial analyses. In summary, the method has potential for improving understanding of deposition, material movement and refuse management but the caveats of averaging signatures must be acknowledged and where possible results should be combined with other sources of archaeological data to refine interpretation.
